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Abstract: Crocus cf. heuffelianus Herb. belongs to the series Verni Mathew and presents one of the most complex and critical taxa within
the whole genus Crocus L. Depending on different authors, C. cf. heuffelianus is sometimes split into different taxa (e.g., C. scepusiensis
(Rehmer & Wol.) Borbás ex Kulcz., C. vittatus Schloss. & Vuk., nom. illeg.). In order to disentangle the complicated taxonomical status
of this species and to determine the degree of its morphoanatomical variability in the different environmental conditions, a comparative
investigation of plant morphology and leaf anatomy of seven populations from the Balkan Peninsula was carried out. Morphometric
analysis included meristic, quantitative, and qualitative parameters. To examine the leaf anatomy, fresh cross sections were made by
manual microtome and stained with safranin and alcian blue. Statistical analyses, such as principal component analysis and canonical
discriminant analysis revealed significant differences between populations, indicating the presence of distinct groups correlating with
their geographical distribution. The largest contribution to the differentiation of analyzed populations is made by the characters that
are related to corms, perigone segments, leaves, and anthers, followed by the general outlook of cross sections, palisade and spongy
parenchyma, abaxial epidermal cells, and vascular bundle features. These findings confirm that from the morphoanatomical point of
view Balkanian C. cf. heuffelianus presents an aggregate of species.
Key words: Crocus series Verni, differentiation, statistical analysis, leaf cross section

1. Introduction
The genus Crocus L. (Iridaceae) contains more than
200 taxa (Rukšāns, 2017) occurring from the Western
Mediterranean to Central Asia, with Poland as the
Northern limit of distribution. According to the
most recent classification of the genus published by
Mathew (1982), some groups of the genus, such as the
series Verni Mathew, are taxonomically very complex,
particularly regarding the rank of its taxa and following
nomenclature and synonyms. The series Verni belongs to
section Crocus and its species extends from Portugal in
the west to western Russia in the east, and from Germany,
Czech Republic, and Slovakia in the north, to Sicily in
the south (Mathew, 1982). It comprises the following
taxa: Crocus ilvensis Peruzzi and Carta, C. etruscus Parl,
C. kosaninii Pulević, C. tommasinianus Herbert, and
the C. vernus aggregate that is currently split into five
species: Crocus vernus (L.) Hill, C. neapolitanus (Ker
Gawl.) Ten., C. neglectus Peruzzi and Carta, C. siculus
Tineo, and C. heuffelianus Herb. (Harpke et al., 2015).
In the framework of the ongoing classification, it was
already newly circumscribed by including C. longiflorus

Raf. and excluding C. baytopiorum B. Mathew (Harpke
et al., 2015).
Considering the plethora of various microhabitats
and environmental conditions representatively contained
in our sample, the Balkan Peninsula is characterized by
a high degree of endemism and vicarism in the Crocus
species (Mathew, 1982; Shuka, 2008; Ranđelović et al.,
2012; Karamplianis, 2013; Miljković et al., 2016; Harpke
et al., 2017). C. cf. heuffelianus is distributed on the lower
slopes of the mountains in east Austria, throughout the
Balkan Peninsula with the southern limit in Albania, and
up to Romania and Ukraine in the east, with Poland as
the northern limit of distribution (Brighton, 1976; Mihaly
and Kricsfalusy, 1997; Harpke et al., 2015). In a region of
the Balkan Peninsula also known as the center of Crocus
diversity (Mathew, 1982), C. cf. heuffelianus possesses
different chromosome numbers (2n = 10, 12, 14, 18, 19, 20,
22, and 23) (Mather, 1932; Karasawa, 1950, 1951; Feinbrun,
1958; Brighton, 1973, 1976; Rafiński et al., 1978; Mosolygó
et al., 2016). This phenomenon can be followed by crossing
barriers; therefore, C. cf. heuffelianus with different
chromosome numbers may represent independent species.
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The leaf anatomical characters, used together with a
wide range of other diagnostic characters, are indispensable
in taxonomy (Rudall and Mathew, 1990; Akan, 2007; Erol
and Küçüker, 2007; Satıl and Selvi, 2007; Kandemir, 2009,
2010, 2011, 2012; Coşkun, 2010; Özdemir, 2010; Yetişen,
2013; Candan, 2015a, 2015b; Raca et al., 2017). These
authors generally pointed out the relevance of leaf blade
and surface, mesophyll, and vascular bundle features as
good differential markers.
Recent molecular investigations (Harpke et al., 2015;
Mosolygó et al., 2016.) centered on Verni phylogeny lack a
thorough sampling of C. cf. heuffelianus. Hence this study
will be oriented to the area of distribution range that has
not been covered by previous research, including seven
populations from the Balkan Peninsula. The objective
of this paper is to define differentiation trends of C.
cf. heuffelianus populations on the basis of traditional
morphometric study of individuals and leaf anatomical
characters.

2. Materials and methods
2.1. Plant material
Plant samples were collected from seven natural
populations (178 individuals) during flowering time.
Considering that the perigone throat of C. heuffelianus
sensu stricto is always declared as hairless in the literature
and the fact that all Balkanian samples have a hairy throat,
we refer to them as C. cf. heuffelianus. The geographic
position of the investigated populations is presented in
Figure 1. Sampling localities with associated information
are comprised in Table 1. Identification of the species was
made according to Ranđelović et al. (1990). Specimens
were deposited in Herbarium Moesiacum Niš (HMN),
Department of Biology and Ecology, Faculty of Sciences,
University of Niš, Serbia (Table 1).
2.2. Morphological analysis
A total of 11 characters were measured from the fresh
material: corm width (CW) and height (CH), perigone

Figure 1. Distribution of Crocus cf. heuffelianus on the Balkan Peninsula and in Romania; black points represent investigated populations
(1, Mladenovac; 2, Trebević Mt.; 3, Zlatibor Mt.; 4, Kopaonik Mt.; 5, Sharr Mt.; 6, Prokletije Mt.; 7, Albanian Alps); localities of C. cf.
heuffelianus according to literature data are shown by white points.
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Table 1. Collection data of examined populations of Crocus cf. heuffelianus Herb. from the Central Balkan Peninsula.
CDA
Group

Locality

Coordinate
WGS84

Habitat (type of vegetation;
vegetation zone)

Substrate

Voucher

1

Mladenovac

Markovac

N44°23′32.59″
169 m
E20°38′38.47″

Wet grasslands (Trifolion
ressupinati; zone of pedunculate
oak forests)

Alluvium

HMN-12568

2

Trebević Mt.

Pogledine

N43°50′52.8″
E18°26′27.6″

810 m

Basiphilous beech forest lawns
(Aremonio-Fagion; zone of beech
forests)

Limestone

HMN-13677

3

Zlatibor Mt.

Obudojevica

N43°43′51.90″
973 m
E19°41′14.45″

Mountain grasslands
(Chrysopogono grylli-Danthonion
alpinae; zone of beech forests)

Serpentine HMN-13489

4

Kopaonik Mt.

Jelica

N43°18′56.02″
1511 m
E20°50′57.32″

Acidophilous beech forest lawns
(Luzulo-Fagion sylvaticae; zone
of beech forests)

Silicate

HMN-13678

5

Sharr Mt.

Kaluđerska r.

N42°13′32.09″
1037 m
E 21°02′59.46″

Acidophilous beech forest lawns
(Luzulo-Fagion sylvaticae; zone
of beech forests)

Silicate

HMN-12569

6

Prokletije Mt.

Ćafa Borit

N42°30′37″
E19°53′36″

Subalpine Balkan pine forest
lawns (Pinion peucis; zone of
Balkan pine forest)

Limestone

HMN-13487

7

Albanian Alps

Sylbicë lake

N42°31′15.70″
2021 m
E20°5′52.97″

Altitude

1710 m

tube length (PTL), outer and inner perigone segment
length (OPSL and IPSL) and width (OPSW and IPSW),
anther length (AL), stigma/anther ratio (SAR), stigma
lobe length (SLL), and leaf width (LW). Three quantitative
– number of cataphylls (NoC), leaves (NoL), and flowers
(NoF), and five qualitative parameters – throat color, the
presence of heart-shaped patch, anther, filament, and
stigma color, were considered as well.
2.3. Anatomical analysis
Ten individuals per population were fixed in 50% alcohol
for anatomical study. This was done in the laboratory
for Plant Systematics and Ecology, Faculty of Science
and Mathematics, University of Niš. Manual microtome
(Gligorijević and Pejčinović, 1983) was used in order to
make cross sections of the leaves for temporary slides.
Thirty fresh transverse sections per population were
stained with safranin (1 g of safranin diluted in 100 mL of
50% ethanol) and alcian blue (1 g of alcian blue dissolved
in 100 mL of distilled water, with the addition phenol
crystals and 3 drops of glacial acetic acid), dehydrated,
and examined by Leica DM 1000 (Leica Microsystem,
Germany) microscope. The following 20 meristic

Alpine pastures (Seslerion
comosae; zone of alpine
Granite
grassland above the forest border)

HMN-13488

parameters were considered in leaf cross sections: section
height (SH) and length (SL), arm length (ArL), white
stripe width (WSW), section length/white stripe width
ratio (SLWSWR), lacuna area (LA), adaxial epidermis
cell height and width (AdEcH and AdEcW), palisade cell
height and width (PcH and PcW), palisade tissue height
(PTH), spongy cell height and width (ScH and ScW),
spongy tissue height (STH), abaxial epidermis cell height
and width (AbEcH and AbEcW), number of vascular
bundles in total (NoVB), xylem area (XyA), phloem area
(PhA), and sclerenchyma sheath area (ScA) surface (Raca
et al., 2017). The listed anatomical features were measured
with ImageJ software (Schneider et al., 2012). Anatomical
characteristics were also described by microphotographs.
2.4. Statistical analysis
All numerical analyses were computed using STATISTICA
7.0 software (StatSoft. Inc., 2004). Results were expressed
through descriptive statistical parameters (mean, standard
deviation, minimum, and maximum). Furthermore,
the covariance structure of variables was studied by
principal component analysis (PCA). The hypothesis of
morphoanatomical segregation of populations from the
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various altitudes, followed by the different habitats and
substrate, was tested using canonical discriminant analysis
(CDA). Each population presents an a priori defined
group (Table 1).
3. Results
3.1. Morphological analysis
The general habitus is represented in Figure 2a, including
the details of the tunic type (Figure 2b), flower (Figure 2c),

and perigone throat (Figure 2d). The corm of the analyzed
individual is depressed-globose, from 6.8 (Albanian
Alps) to 11.8 mm (Sharr Mt.) in diameter, and from
5.2 (Albanian Alps) to 9.8 mm (Mladenovac) in height
(Figures 3a and 3b). The tunic is dark brown and consists of
the combination of parallel and interwoven fibers (Figure
2b). In general, from 2 to 5 whitish skinny cataphylls
(sheathing leaves) occur (2 cataphylls could be found in
Albanian Alps and Prokletije Mt. populations, while there

(A)

(B)

(C)

(D)

Figure 2. Crocus cf. heuffelianus: habitus (A), corm (B), floral details (C), and perigone throat hair (D).
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(A)

(B)

(C)

(D)

(E)

Figure 3. Box and whisker plots of basic statistic parameters of corm and leaf features: corm height (A), corm width (B), number
of cataphylls (C), number of leaves (D), and leaf width (E).

was just one single plant with 6 cataphylls in the population
from Zlatibor Mt.) (Figure 3c). Prophyll is present. Bracts
exist at the base of perianth, while bracteoles are lacking.
Both prophyll and bracts are silvery-white, thin, and
membranous. The true leaves are green, linear, usually 2
or 3 in number, very rarely single, as in the case of some
individuals from the Albanian Alps, 2.1 (Kopaonik Mt.)

to 4.6 mm (Sharr Mt.) in diameter (Figures 3d and 3e),
without ribs underneath of both lateral arms. Flowers, 1 or
2 (Figure 4a), lilac and large (exemplary with 3 flowers was
found on Sharr Mt.). Perianth tube ranges from very short,
33.1 mm (Albanian Alps), to longer, 81.2 mm (Trebević
Mt.), (Figure 4b). Perigone segments are distinctly
concave, obovate, with dark violet heart-shaped patch at
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the distal end of petals (Figure 2c). The outer segments are
between 27.2 mm (Albanian Alps) and 41.9 mm (Sharr
Mt.) long, and between 8.9 mm (Albanian Alps) and 15.2
mm (Kopaonik Mt.) wide (Figures 4c and 4d). Moreover,
inner segments are from 25.7 mm (Albanian Alps) to 38.8
mm (Sharr Mt.) in length, and from 7.8 mm (Albanian

Alps) to 15.1 mm (Kopaonik Mt.) in width (Figures 4e and
4f). Perigone throat is colorless and conspicuously hairy
(Figure 2d). The stigma exceeds the anthers (Figures 2c
and 5a), except in Trebević Mt. population, where most of
the analyzed individuals have longer anthers. The stigma
lobes are orange and range from 2.4 (Albanian Alps) to 5.5

(A)

(B)

(C)

(D)

(E)

(F)

Figure 4. Box and whisker plots of basic statistic parameters of perigone features: number of flowers (A), perigone tube length
(B), outer perigone segment length (C), outer perigone segment width (D), inner perigone segment length (E), and inner
perigone segment width (F).
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mm (Trebević Mt.) in length (Figure 5b). The anthers are
yellow, from 8.1 mm (Albanian Alps) to 14.8 mm (Sharr
Mt.) in length (Figure 5c). The filaments are white, broad,
and stiff at the base and filiform at the connection to the
anthers.
3.2. Leaf anatomical analysis
Typical microphotographs of the leaf cross sections for
each of the seven analysed populations are presented in
Figure 6.
Leaf blade: The keel is squared with a wide base and
acute corners. The length of arms and their curving
degree differ among the populations (Figures 6a–6g).
Individuals from Mladenovac have the longest cross
sections with a conspicuously high curving degree, while
tiny cross sections can be found in populations from the
locality of Albanian Alps (Table 2, Figures 6a and 6g). The
micropapillae are detected on the adaxial side at the end of
the arms (Figure 7a). Also, the abaxial side of the corner of
the keel might have hair (Figure 7b). The mentioned hair
abundance pattern is characteristic of each of the analyzed
populations.

Leaf surface: Adaxial epidermal cells are rectangular,
while abaxial cells are round–oval in shape (Figures
7c–7i). Epidermal cells (both adaxial and abaxial) tend
to correspond closely in their dimensions in all analyzed
populations. Sections of Zlatibor Mt. population are
exceptions with its evidently small abaxial epidermal cells
(Table 2, Figure 7g). The cuticle is thicker on the adaxial
side of the leaf. The stomata occur on the abaxial surface
in the region of arms (Figures 7a and 7h) and lateral sides
of the keel.
Mesophyll: Large, almost round parenchyma cells are
located in the central part of the keel, forming the typical
white stripe all along the central part of the leaf (Figures
6a–6g). The widest white stripe is characteristic of the
population from the locality of Mladenovac, while narrow
stripes were found in the population from Zlatibor Mt.
(Table 2, Figures 6a and 6c). Moreover, white stripe width/
section length ratio ranges from very low (white stripe
takes 1/15 of the total cross section length in the population
from Zlatibor) to very high (1/6 in the individuals from
the Albanian Alps). There are two types of parenchyma

(A)

(B)

(C)

Figure 5. Box and whisker plots of basic statistic parameters of stigma/anther features: stigma/anther ratio (A), stigma lobe
length (B), and anther length (C).
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(A)

(E)

(D)

(B)

(F)

200µm

(C)

(G)

Figure 6. Leaf cross sections of individuals from different populations of C. cf. heuffelianus: Mladenovac (A), Trebević Mt. (B),
Zlatibor Mt. (C), Kopaonik Mt. (D), Sharr Mt. (E), Prokletije Mt. (F), and Albanian Alps (G).
Table 2. Mean ± SD values of meristic and quantitative leaf anatomy characters of C. cf. heuffelianus populations.
Mladenovac

Trebević
Mt.

Zlatibor
Mt.

Kopaonik
Mt.

Sharr
Mt.

Prokletije
Mt.

Mt.

Mt.

Mt.

Mt.

Mt.

Albanian
Alps

SH (µm)

841 ± 75

677 ± 112

543 ± 61

688 ± 63

619 ± 135

622 ± 114

547 ± 78

SL (µm)

6402 ± 1254

4539 ± 795

4869 ± 281

5923 ± 755

4489 ± 1127

4300 ± 607

3198 ± 546

ArL (µm)

2886 ± 635

1971 ± 390

2258 ± 133

2748 ± 374

1972 ± 537

1866 ± 254

1350 ± 248

SLWSWR

10 ± 2

8±1

15 ± 4

13 ± 2

8±2

8±1

6±1

AdEcH (µm)

20 ± 3

17 ± 2

20 ± 3

19 ± 3

18 ± 3

20 ± 2

18 ± 2

AdEcW (µm)

19 ± 2

18 ± 2

18 ± 3

18 ± 3

18 ± 3

19 ± 2

17 ± 2

AbEcH (µm)

17 ± 2

19 ± 3

11 ± 2

18 ± 3

18 ± 2

18 ± 2

16 ± 2

AbEcW (µm)

18 ± 2

21 ± 3

14 ± 2

21 ± 3

19 ± 2

18 ± 3

16 ± 2

WSW (µm)

672 ± 73

577 ± 93

353 ± 86

454 ± 49

539 ± 72

563 ± 136

497 ± 62

LA (µm )

321096 ±

252557 ±

99954 ±

191919 ±

222953 ±

18752 ±

138491 ±

63769

48518

33286

38915

86961

83224

32059

PcH (µm)

37 ± 5

47 ± 4

20 ± 3

37 ± 3

48 ± 7

39 ± 6

34 ± 5

PcW (µm)

15 ± 2

17 ± 1

13 ± 2

18 ± 2

18 ± 2

18 ± 2

17 ± 2

PTH (µm)

53 ± 13

72 ± 5

37 ± 5

67 ± 6

71 ± 15

63 ± 9

59 ± 12

ScH (µm)

21 ± 3

19 ± 2

16 ± 1

18 ± 2

21 ± 3

19 ± 3

18 ± 3

ScW (µm)

19 ± 2

30 ± 4

17 ± 2

27 ± 4

27 ± 3

24 ± 3

22 ± 4

STH (µm)

56 ± 10

53 ± 11

50 ± 7

63 ± 13

68 ± 11

62 ± 16

57 ± 13

NoVB

28 ± 5

18 ± 2

27 ± 3

25 ± 5

17 ± 3

23 ± 4

19 ± 3

1698 ± 434

927 ± 318

1861 ± 561

1200 ± 247

878 ± 367

864 ± 173

754 ± 130

2

XyA (µm )
2

PhA(µm )

766 ± 171

729 ± 202

1196 ± 284

1067 ± 127

726 ± 248

837 ± 141

725 ± 141

ScA (µm2)

1712 ± 522

1504 ± 249

2939 ± 630

2258 ± 360

2186 ± 997

2407 ± 790

1976 ± 592

2
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(A)

20µm

ade

ph

abe

50µm
(B)

(O)

xy

sc

(H)
20µm

(C)

20µm

st
vb
50µm

50µm

(D)

(E)

20µm
20µm

20µm

(P)

p

50µm

50µm

(F)

(G)

st

(K)

(L)

20µm

20µm

(M)

(N)

pp
sp
50µm

50µm

20µm

Figure 7. Cross sections of the leaf showing adaxial (ade) and abaxial epidermis (abe), the stomata (st), papillae (p), palisade
(pp), spongy parenchyma (sp), vascular bundle (vb), xylem (xy), phloem (ph), and sclerenchyma (sc) in C. cf. heuffelianus
populations. (C), (J) Mladenovac; (D), (K) Trebević Mt.; (G), (N) Zlatibor Mt.; (E), (L) Kopaonik Mt.; (B), (H), (O) Sharr Mt.;
(F), (M) Prokletije Mt.; and (A), (I), (P) Albanian Alps.

cells in the mesophyll of arms: palisade and spongy cells
(Figures 7c–7i). Palisade parenchyma is oriented to the
adaxial surface and it is made of 1–2 layers of polygonal
cells. Spongy parenchyma is 3–4 layered, and consists
of elliptical irregularly shaped cells, sometimes with
intercellular space within. The most prominent palisade
tissue was noticed in cross sections from the locality of
Trebević Mt. (Table 2, Figure 7d). The thinnest palisade
and spongy layers are characteristic of the population
from Zlatibor Mt. (Table 2, Figure 7g). Cross sections from
the locality of Sharr Mt. consist of the thickest spongy
layer (Table 2, Figure 7h). Two layers of palisade cells are
positioned at the base of the keel as well.
Vascular bundles: Collateral vascular bundles are
located between the palisade and spongy cells in one row.
Usually, four big vascular bundles can be detected (two
of them are placed at the end of the lateral arms, while
two others are positioned at the base of the central keel)
(Figure 6). Some sections from Mladenovac, Zlatibor Mt.,
Trebević Mt., and Kopaonik Mt. populations contain 1–2
more big bundles, positioned in the middle of the arms.
The number of vascular bundles in total range from 14

(Sharr Mt.) to 33 (Mladenovac) (Table 2). Additionally,
they are located all along the arms and lateral and basal
side of the keel. The xylem is oriented towards the adaxial
side with the phloem beneath. Sclerenchyma sheath below
the phloem is well developed (Table 2, Figures 7j–7p). The
most prominent xylem and phloem areas are noted in
the population from Zlatibor Mt., while individuals from
the Albanian Alps are characterized by petite xylem and
phloem areas (Table 2, Figures 7n–7p).
3.3. Multivariate analysis of the morphoanatomical characters
Principal component analysis (PCA) was used to elucidate
the relationship between the specimens on the basis of
34 statistically significant morphoanatomical characters
(14 morphological and 20 anatomical parameters). The
eigenvalues of the first three main components explain
54.51% of the total variability. The ordination scheme
obtained by the first principal component was responsible
for 23.36% of the total variance. The first principal
component (axis) is strongly correlated with: corm
characters (CW, CH), leaf characters (NoL, LW), perigone
characters (PTL, OPSL, IPSL, OPSW, IPSW), followed
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by AL, then leaf blade (SL, ArL), leaf surface characters
(AbEcH, AbEcW), and mesophyll characters (LA, PcH)
(Table 3). The contribution to the formation of the
variability made up by the second principal component
(18.79%) is related to the leaf blade (ArL, SLWSWR),

AbEcH, mesophyll (PcH, PcW, PTH, ScW), and vascular
bundles parameters (NoVB, XyA, PhA) (Table 3). Finally,
the largest contributors to the variability within the third
principal component (12.36%) are CW, leaf blade (SH, SL,
ArL), and mesophyll features (WSW, LA) (Table 3).

Table 3. Loadings on the first three principal components of measured parameters of the analyzed C. cf.
heuffelianus populations. The first three principal components accounted for 54.51% of the variance.
Variable
Corm parameters

Leaf parameters

Perigone parameters
Morphology

Stigma/anther
parameters

Leaf blade

Leaf surface

Leaf
anatomy

Mesophyll

Vascular bundles

654

Factor 1

Factor 2

Factor 3

CW

–0.628186

0.157805

0.508434

CH

–0.570461

0.300246

−0.005863

NoL

–0.588759

0.055015

−0.065663

LW

–0.529196

0.060401

0.205488

NoC

–0.309919

0.424227

0.467749

NoF

–0.265208

−0.001122

0.048959

PTL

–0.674886

0.456400

0.284980

OPSL

–0.702787

–0.096697

0.473715

OPSW

–0.729250

–0.047137

0.361034

IPSL

–0.613194

–0.175641

0.478153

IPSW

–0.643411

0.133375

0.422076

SAR

–0.071224

0.412250

–0.061818

SLL

–0.498605

0.306346

0.387817

AL

–0.662093

0.361311

0.467361

SH

–0.599744

0.052599

–0.680970

SL

–0.554343

0.480141

–0.553591

ArL

–0.528926

0.529282

–0.511958

SLWSWR

–0.076016

0.765794

0.081261

AdEcH

–0.196910

0.333831

–0.322676

AdEcW

–0.255779

–0.007153

–0.330389

AbEcH

–0.531266

–0.542995

–0.279413

AbEcW

–0.593562

–0.395927

–0.174152

WSW

–0.426891

–0.369128

–0.604514

LA

–0.634583

–0.182391

–0.539898

PcH

–0.559075

–0.690275

–0.153191

PcW

–0.285443

–0.657564

0.028942

PTH

–0.445731

–0.682059

–0.086015

ScH

–0.473363

–0.320799

–0.247785

ScW

–0.420602

–0.614159

0.171629

STH

–0.369621

–0.329100

–0.258762

NoVB

–0.071647

0.632373

–0.499408

XyA

–0.128058

0.793324

–0.269777

PhA

–0.023853

0.605303

–0.072772

ScA

0.058407

0.316866

–0.131035

Expl. Var

8.100661

7.107234

4.682702

Prp. Totl

0.218937

0.192087

0.126560
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The results of the canonical discriminant analysis (CDA)
revealed that there is a significant morphoanatomical
differentiation between analyzed populations of C. cf.
heuffelianus. The first two canonical roots include most of
the difference (67.30%). The characteristic value of the first
canonical root is 14.87 (39.88% of total variance), while the
characteristic value of the second canonical root is 10.23
(27.42% of total variance). Populations from Prokletije
Mt., Albanian Alps, Kopaonik Mt., and Zlatibor Mt. are
segregated from the positive side of the first canonical
root (Figure 8). At the same time, populations from the
Sharr Mt, Trebević Mt., and Mladenovac are separated
in the negative side of the first canonical root (Figure 8).
Separation is also present on the second canonical root,
marking off the segregation between Sharr Mt., Albanian
Alps, and Prokletije Mt. (in the positive region), and
Mladenovac and Zlatibor Mt. populations (in the negative
region of the second canonical root) (Figure 8).
4. Discussion
In order to contribute to the disentangling of the
complex taxonomical status of C. cf. heuffelianus, we have
introduced the detailed morphoanatomical comparison of
seven populations from the Balkan Peninsula.
As a species belonging to series Verni, C. cf. heuffelianus
is characterized by the presence of prophyll and a brown
membranous slightly netted corm tunic (Mathew, 1982).

It can be easily recognized by a heart-shaped patch at
the upper region of petals and the presence of one bract
(bracteoles are missing) (Ranđelović et al., 1990; Mihaly
and Kricfalusy, 1997). Both inter- and intrapopulational
morphological variability are emphasized in the case
of C. cf. heuffelianus taxa (Mihaly and Kricfalusy, 1997).
As a result, wide ranges of values for all the analyzed
morphometric parameters were obtained. Minimal values
of all the considered characters occur in the population
from the Albanian Alps, making it easily distinguishable
from the other samples. Also, there are individuals with
one single leaf in this population, while 2–3 leaves had
been reported in previous descriptions of the species
(Ranđelović et al., 1990; Mihaly and Kricfalusy, 1997).
Although C. cf. heuffelianus perigone throat is always
declared as hairless in the literature (Mihaly and Kricfalusy,
1997; Mosolygó et al., 2016), Balkanian samples consist
of hairy throat. Stigma usually exceeds the anthers, as in
the case of all the other species from series Verni, with
the exception of C. vernus and C. siculus (Ranđelović et
al., 1990; Mihaly and Kricfalusy, 1997; Harpke et al., 2015;
Mosolygó et al., 2016). Trebević Mt. population makes one
exception, with its style inserted within the anthers in the
case of more than half of the population samples. Since
stigma lobes shorter than anthers are typical for C. vernus
forms (Harpke et al., 2015; Mosolygó et al., 2016), Bosnian
mountainous populations need particular consideration.

Figure 8. Canonical discriminant analysis of the seven C. cf. heuffelianus populations by all
significant morphoanatomical characters. The first two canonical roots accounted for 67.30%
of the variance.

655

RACA et al. / Turk J Bot
Good differential markers can be found on the level
of micromorphological aspects of the leaves (Mathew,
1982; Rudall and Mathew, 1990; Kandemir, 2009, 2012;
Candan, 2015a, 2015b; Raca et al., 2017). As in the case of
most Crocus species, C. cf. heuffelianus leaf cross sections
have a unique shape – a square or rectangular central keel
and two flexible lateral arms with their margins recurved
towards the keel. Some rare exceptions to this general
outlook of the leaf blade are reported for C. carpetanus
Boiss. and Reut., C. scharojanii Rupr., and C. scardicus
Kosanin by Rudall and Mathew (1990) (Candan, 2015a,
2015b). Additionally, C. cf. heuffelianus cross sections have
the longest arms with a conspicuously high curving degree
and the most prominent vascular bundles among Verni
species from the Balkans (Raca et al., 2017). An immense
curving degree was perceived in cross sections of the
Mladenovac population. Furthermore, ribs in the grooves
of the leaves, like in series Reticulati species (Harpke et al.,
2017), are missing. The central part of the keel consists of
parenchyma cells that lack chloroplasts; accordingly, this
area can be noticed as typical white stripe running axillary
along the centre of the leaf, which is a common character
for all Crocus species (Rudall and Mathew, 1990; Erol and
Küçüker, 2007; Kandemir, 2009; Yetişen, 2013). Kerndorff
et al. (2015) emphasized the importance of defining
the relation between the width of the white stripe and
leaf diameter in taxonomy, reporting that it can be very
small, like in C. banaticus J. Gay or C. striatulus Kerndorff
and Pache (<1/5 of leaf diameter), or very conspicuous
like in C. artvinensis (J. Philippow) Grossh. (>1/3 of
leaf diameter). Considering that the lateral arms are
perceptibly recurved towards the keel in C. cf. heuffelianus
populations, measuring the leaf diameter directly from
the fresh material would not express exact values. As a
consequence, correct leaf width can be measured from
the cross sections only. White stripe width in relation to
cross section length presents an obviously distinguishing
parameter, ranging from very low (1/15 in the population
from Zlatibor), to medium (1/10 in Markovac), to very
high values (1/6 in Albanian Alps). C. cf. heuffelianus leaves
are of a hypostomatic type, with anomocytic stomata,
occurring on the abaxial surface in the region of arms and
lateral sides of the keel. This characteristic was reported as
another anatomical prevalent feature in the genus Crocus
(Erol and Küçüker, 2007; Raca et al., 2017). The presence
of micropapillae is an important taxonomical structure for
Crocus leaf anatomy (Kandemir, 2009). The hair on the
leaves can be thinly distributed all over or only at the leaf
edges (ciliate) (Kerndorff et al., 2015). Micropapillae are
detected on the adaxial side at the end of the arms and the
abaxial side of the corner of the keel in Verni species from
the Balkans (Raca et al., 2017), including all the analyzed
C. cf. heuffelianus populations. The Crocus leaf mesophyll
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consists of two types of cells in the region of arms: palisade
and spongy cells (Erol and Küçüker, 2007; Yetişen, 2013).
Additionally, two layers of palisade cells are positioned at
the base of the keel as well (Erol and Küçüker, 2007; Raca et
al., 2017). Balkanian Verni species, including the analyzed
C. cf. heuffelianus populations, are characterized by
palisade parenchyma oriented to the adaxial surface, made
of two layers of polygonal cells and 3–4-layered spongy
parenchyma, consisting of elliptical irregular shaped
cells (Raca et al., 2017). Moreover, 1–2 layered palisade
parenchyma and 3–4 layered spongy parenchyma was also
found in the mesophyll of C. pestalozzae Boiss. (Kandemir,
2009), C. gargaricus Herbert, C. nubigena Herbert, C.
mouradii Withall and Mathew, C. candidus E. D. Clarke, C.
pallasii Goldb., and C. pulchellus Herbert (Satıl and Selvi,
2007). As in the case of many other species (Kandemir,
2010; Raca et al., 2017), two out of four large vascular
bundles are located in the corners of the keel and the other
two are positioned at the end of the arms. Exceptions can
be found in some sections from Mladenovac, Zlatibor Mt.,
Trebević Mt., and Kopaonik Mt. populations, containing
1–2 more big bundles, positioned in the middle of the arms.
The sclerenchyma layers of vascular bundles of the Crocus
taxa are very distinct (Kandemir, 2012). The presence of
prominent sclerenchyma sheaths noticed in examined
populations of C. cf. heuffelianus, C. tommasinianus Herb.,
and C. kosaninii Pulevic (Raca et al., 2017) has also been
observed for C. randjeloviciorum Kernd., Pasche, Harpke
& Raca (Harpke et al., 2017), C. pestalozzae (Kandemir,
2009), C. gargaricus subsp. gargaricus, C. chrysanthus
(Herbert) Herbert, C. nubigena, C. istanbulensis Mathew
(Yetişen et al., 2013), C. pulchellus (Satıl and Selvi, 2007),
C. leichtlinii (D.Dewar) Bowles (Akan et al., 2007), C.
fleischeri J. Gay, and C. wattiorum (B. Mathew) B. F.
Mathew (Erol and Küçüker, 2007).
Multivariate
analyses
confirmed
existing
morphoanatomical differentiation among different C.
cf. heuffelianus populations. The clear separation of
Mladenovac, Trebević Mt., and Šara Mt. from the rest
of the populations (Table 1, Figure 8) is based on corm
width and height, number of leaves, leaf width, perigone
tube length, outer and inner perigone segment length
and width, followed by anther length, section length,
abaxial epidermis cell height and width, lacuna area,
white stripe width, and palisade cell height. Furthermore,
arm length (correlated with its curving degree), section
length to white stripe width ratio, palisade cell height and
width, palisade tissue height, spongy cell width, number
of vascular bundles, and xylem and phloem areas are
responsible for the segregation of Sharr Mt., Prokletije
Mt., and the Albanian Alps on one hand, and Markovac
and Zlatibor Mt. populations on the other hand; whereas
Trebević Mt. and Kopaonik Mt. tend to be intermediates
(Table 1, Figure 8).
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In conclusion, it is evident that apart from the overall
morphological variability, which is related to environmental
conditions, analyzed populations are morphoanatomically
distinguished. Further investigations should focus
on karyological aspects (counting chromosomes and
measuring genome sizes), combined with phylogenetic
multilocus analysis of the studied material and the GBS
data. Afterward, we would finally be able to confirm our
hypothesis – that Balkanian C. cf. heuffelianus actually
presents an aggregate of species.
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